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about 7000 data points. Of these, 596 data points for optimum angle,
118 data points for optimum thickness, and 271 data points for
optimum emissivity are chosen, for which the Q;;, is a maximum.
Correlations are developed for these optimum parameters as

Oopt = 1~398R0’0‘009H0'25] £—0.052,,0.056
opt = 0.008R8'004H0'627970'43980'629

Eopt = 0.869R8‘006 H 70A437t0,26490,706

The correlation coefficients are 0.9916, 0.9937, and 0.9916, respec-
tively. The corresponding maximum errors are 5.7, 9.3, and 9.4%,
respectively. Using 1378 data points, a correlation is developed for
maximum improvement in heat loss per unit mass:

.05 —0. —0. . .
Qim,max — 0144R80 8H 0409t 07969029180444

with a correlation coefficient of 0.9947 and a maximum er-
ror of 14.92%. The parameters and range for the correla-
tions are 10 <60 <90 deg, 0.01 <Ry <0.1 m, 0.05<H <0.5 m,
02<t<4 mm, 0.05<e<0095 Tz=313.15 K, T,=4 K,
k=177 W/m K, and p =2770 kg/m3.

Conclusions

A hollow conical configuration is proposed for space radiator ap-
plications, which gives an improvement in heat loss per unit mass
of about 4.8 times greater than that of the corresponding solid pin
fin. It is found that there exists an optimum angle, thickness, and
emissivity for which improvement in heat loss per unit mass is a
maximum. The optimum angle increases with increase in height
and emissivity and decreases with increase in thickness. The opti-
mum thickness increases with increase in height and emissivity and
decreases with increase in angle. The optimum emissivity increases
with increase in angle and thickness and decreases with increase
in height. Correlations are presented for optimum angle, thickness,
emissivity, and corresponding maximum improvement in heat loss
per unit mass.
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Nomenclature
f = dimensionless stream function
g = acceleration of gravity
h = heat-transfer coefficient
1 = dimensionless radiation intensity
k = thermal conductivity
N = conduction-radiation parameter
Nu, = local Nusselt number
P,(w) = Legendre polynomial of the first kind of degree n
Pr = Prandtl number
p(u, ') = phase function
o = dimensionless radiative heat flux
q" = radiative heat flux
Re, = local Reynolds number
T = temperature
X,y = physical coordinates along and normal to the wall
B = volumetric coefficient of thermal expansion
Bo = extinction coefficient
& = emissivity of plate surface
n = nonsimilarity variable
0 = dimensionless temperature
A = coefficient of the thermal expansion
" = direction cosine
v = kinematic viscosity
& = nonsimilarity variable
0 = fluid density
Pd = diffuse reflectivity of plate surface
o = Stefan-Boltzmann constant
T = optical variable, =£&n
© = stream function
Q = buoyancy parameter
w = scattering albedo
Subscripts
w = wall
00 = external flow

Introduction

HE problem of radiation on mixed convection along a verti-

cal plate with uniform surface temperature has been studied
theoretically because the radiation effects on the mixed convec-
tion flow are important in the context of space and processes in-
volving high temperature. At high temperatures, thermal radiation
can significantly affect the heat transfer and temperature distribu-
tion in boundary-layer flow of a participating fluid. Cess,' Arpaci,’
Soundalgekar and Takhar,? and Hossain and Takhar* have utilized
the optically thin limit and the optically thick limit approximation
methods for these studies. But these approximations are accurate
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only within particular optical thickness limits and, therefore, are
restricted in applicability. For the complete analysis, Cheng and
Ozisik® used the normal-mode expansion technique for an absorb-
ing, emitting, and isotropically scattering fluid. To consider the
anisotropic scattering effects were studied in the wedge flow by
Yucel and Bayazitoglu,® Wu et al.,” and Chen.®

The objective of this investigation is to demonstrate the influences
of anisotropic scattering on the mixed convection from a vertical
plate with diffuse reflecting surface, and the linear and Rayleigh
anisotropic scattering models are employed.

Analysis

Consider a heated, vertical plate at a uniform temperature 7, sub-
merged in an absorbing, emitting, anisotropically scattering, incom-
pressible, gray medium. Figure 1 illustrates the physical geometry.
The external flow consists of a uniform freestream with velocity
U and temperature T, (T, > T,,). Under the usual Boussinesq ap-
proximation the flow is governed by the following boundary-layer
equations:

u v
ST ) (1a)
dx  dy
o 2 O T — T (1b)
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with the boundary conditions
u=v=0, T=T, at y=0 (2a)
U= lUs, T =T at y — 00 (2b)

The continuity is satisfied by the introduction of a stream function
¢, and we introduce the following transformations to recast the
boundary-layer equations:
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Fig. 1 Geometry and coordinate system of the physical model.

These transformations reduce Eq. (1) to

" 1 " 2_1 /8f/_ //%
frA S0 =18 —2¥<f T 85) (40)
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The boundary conditions (2) become

S lf@’ = lg f 00 _Wy) 45 0" (4b)
Pr 277 T2
f=f=0 and 6=06, at  n=0 (5a
=1 and 0=1 at n— oo (5b)

The radiation part of this problem satisfies the equation of radiative
transfer given in the form

al * w [ ) L
M—T+I=(1—w) n+— p(u, pHI (T, w)du”  (6a)
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where
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and the boundary conditions

£0* !
=0, 170, p) = —= +2pdf 170, —pHp' dp
4 0
u=>0 (73
B 1
T — 00, I"(z,—pn) = —, uw>0 (7b)
4

The net heat flux at the wall in term of the dimensionless quantities
is expressed as

0,=— v _ Nae+Q,, _ Nae+Q,,
YT An2eTA ot o \ &0y )

The local Nusselt number for the combined mixed convection and
radiation becomes

Nu,Re, ™ = [1/0y — D6+ E/N)Q o )

Results and Discussion

The Galerkin method® and the Keller box method'® have been
used to analyze the problem of simultaneous mixed convection
and radiation from a vertical plate for an absorbing, emitting, and
anisotropic scattering medium.

The influences of the scattering albedo w and the forward-
backward-scattering parameters @, on the value of the local Nusselt
number are represented in Fig. 2. The effect of the scattering albedo
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Fig. 2 Effects of the scattering albedo w on the value of the Nusselt
number for Pr=0.733, N=0.1, p;=0,2 =1, and 6,,=1.2.



J. THERMOPHYSICS, VOL. 18, NO. 2: TECHNICAL NOTES 281

0 0.1 02 03 04 0.5

Fig. 3 Effects of the conduction-radiation parameter N on the value
of the local Nusselt number for Pr=0.733, w=0.5, p;=0, 2=1, and
0, =12.
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Fig. 4 Effects of the surface reflectivity p; on the value of the local
Nusselt number for Pr=0.733, w=0.2,N=0.1,2=1, and 6,, =1.2.

is to decrease the value of the total heat flux at small values of & but
to increase at large values of £, and the forward-backward-scattering
parameter a; has a significant effect on the heat transfer. The value
of the local Nusselt number for a strong backward-scattering fluid
(a;=—1) with @ =0.2 is about 2.0% less than that for a strong
forward-scattering fluid (a; = 1) at§ =0.1 and 3.5% less at§ = 0.6,
and the respective percentages are 21 and 38% for w =0.9. The
anisotropic scattering effects on the value of the local Nusselt num-
ber are amplified at large values of w and the difference between the
isotropic and Rayleigh scattering is small.

Figure 3 represents the variation of the local Nusselt number with
the conduction-radiation parameter N, which characterizes the rel-
ative importance of radiation in regard to conduction. It is observed
that the value of the local Nusselt number increases as the value of
N decreases and the anisotropic scattering effects on the heat flux
are amplified at small values of N.

Figure 4 shows the influence of the surface reflectivity. It is found
that the value of the local Nusselt number decreases with the increase
of surface reflectivity p,. This is because the reflection at the surface
increases the path length of radiative transfer.

Conclusions

From this study, the following is found:

1) The influence of the optical thickness 7., is that the value of
the net radiative heat flux and the local Nusselt number decreases
as the optical thickness 7, increases.

2) The effect of the scattering albedo w is to decrease the value
of the local Nusselt number at small values of & but to increase at
large values of &.

3) The forward-backward-scattering parameter a; has a signifi-
cant effect on the heat transfer.

4) The increase in the value of the local Nusselt number reduces
the value of the conduction-radiation parameter N .

5) The value of local Nusselt number decreases with the increase
of the value of surface reflectivity p,.

6) The value of the local Nusselt number increases as the wall
temperature increases.
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Nomenclature

a; = coefficient denoting temperature effect
of node i on 7 (xy, &)
coefficient denoting radiative effect of node i on
thermal balance of node k
coefficient denoting temperature effect
of node i on radiative flux of node &
= thickness of medium layer, m
convective heat transfer coefficient, W/m? - K
*(J) = radiative intensity at the jth
tracing point, W/m? - sr
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